Mononuclear cells from normal volunteers and from patients with the hyperimmunoglobulin E recurrent infection syndrome (HIE) were cultured for 18 h with and without opsonized, heat-killed Staphylococcus aureus (OS). The supernatants from normal mononuclear cell cultures without OS revealed no inhibitory activity for neutrophil chemotaxis, whereas those from HIE patients revealed the previously reported 61,000-dalton factor. However, when normal cells were cultured with OS, they produced a proteinaceous, 56°C-stable, 30,000-to 45,000-dalton factor which preferentially inhibited neutrophil versus monocyte chemotaxis. When HIE cells were exposed to OS, they produced the same 30,000-to 45,000-dalton factor as normal cells, as well as the 61,000-dalton factor that they produced spontaneously. Assay of 1,000-fold dilutions of supernatants from cultures of normal mononuclear cells with OS revealed a mean production of 7.8 + 5.4% inhibition of chemotaxis, whereas assay of 1,000-fold dilutions of supernatants from cultures of HIE mononuclear cells (spontaneously producing the 61,000-dalton factor) with OS revealed a 26.6 ± 3.6% inhibition (P < 0.02).
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The data indicate that in short-term culture both normal and HIE mononuclear cells produce an inhibitor of neutrophil chemotaxis when exposed to particulate heat-killed staphylococci but that HIE cells produce qualitatively and quantitatively more inhibitory activity.
The role of mononuclear cells in regulating the chemotactic responsiveness of neutrophils is poorly understood. Rocklin et al. have described a 59,000-dalton inhibitor of neutrophil chemotaxis produced by mitogen or antigen stimulation of lymphocyte cultures, which they call LIF (10, 11, 13 ). An apparently different factor called NIF-T, reported by Weisbart et al., is produced by T cells upon exposure to a mitogen (17, 18) . However, little is known about the production of these inhibitors of neutrophil chemotaxis in human disease states, and the physiological significance of these inhibitors remains a matter of speculation. We have recently published evidence that the variable neutrophil chemotactic defect seen in the hyperimmunoglobulin E recurrent infection syndrome (HIE) might be due to the apparently spontaneous production by HIE mononuclear cells of an inhibitor of neutrophil chemotaxis (3) . In this paper we examine the ability of mononuclear cells from normal volunteers and HIE patients to produce at least two different inhibitors of neutrophil chemotaxis when exposed to opsonized, heat-killed Staphylococcus aureus (OS). We show that there is both a qualitative and a quantitative difference in the neutrophil chemotaxis inhibitors produced by normal and HIE mononuclear cells. The production of these inhibitory factors in response to bacterial particles may be important in the regulation of inflammation and in the pathogenesis of host defense defects.
MATERIALS AND METHODS
The following supplies and reagents were obtained: N-formylmethionylleucylphenylalanine (f-Met-LeuPhe) (Peninsula Labs, San Carlos, Calif.); trypsin and latex beads (Sigma Chemical Co., St. Louis, Mo.); Gey balanced salt solution with 2% bovine serum albumin (Microbiological Associates, Walkersville, Md.); rabbit anti-human erythrocyte immunoglobulin G (Cappel Laboratories, Downingtown, Pa.); RPMI 1640 with glutamine and Hanks balanced salt solution without phenol red, calcium, and magnesium (GIBCO Laboratories, Grand Island, N.Y.); gentamicin (10 mg/ ml) (Schering Corp., Kenilworth, N.J.); esterasestaining reagents (TechniconCorp., Inc., Tarrytown, N.Y.); nitrocellulose and polycarbonate chemotactic filters (Neuroprobe, Bethesda, Md.); and Diff-Quik staining solutions (Harleco, Gibbstown, N.J.).
Patients. Nine patients with HIE, who ranged in age from 6 to 52 years, were studied at the National Institutes of Health, Bethesda, Md. Two of the patients were male and seven were female. They were diagnosed as having HIE if they had a history of recurrent bacterial sinopulmonary and skin infections starting in infancy or childhood and had an elevated immunoglobulin E level, in the absence of other explanations for these findings. All had eczematoid skin rashes and an absence of atopy. They all had elevated immunoglobulin E levels averaging 11,340 ± 4,307 IU/ml (range of 210 to 35,000; normal, <200 IU/ml). Normal volunteers were recruited from the employees of the National Institutes of Health.
Mononuclear cell and neutrophil preparation. Mononuclear cell and neutrophil fractions from normal peripheral venous blood were prepared on HypaqueFicoll gradients as described previously (1, 5) . Mononuclear cells thus obtained were >97% pure and contained -14% monocytes by morphological and esterase-staining characteristics. Neutrophils were >95% pure and >97% viable as determined by trypan blue exclusion. Depletion of monocytes was accomplished by three successive 1-h adherences to polystyrene petri dishes in the presence of 0.5% bovine serum albumin added to RPMI 1640 at 37°C. The nonadherent cells were collected by decantation and centrifugation and were free of esterase-positive cells when 300 cells were coli, and latex beads were then adjusted to an optical density of 0.500 at 540 nm and kept at -70°C in Hanks solution. Opsonization of the particles was accomplished by adding 0.8 ml of the particle suspensions to 0.2 ml of sterile AB serum at room temperature for 15 min. The mixture was spun at 1,000 x g to recover the particles, which were then suspended in 1 ml of RPMI 1640 with 10 p.g of gentamicin per ml.
Cultures of mononuclear cells. Mononuclear cells from normal donors and from patients were cultured in polypropylene round-bottom tubes at a concentration of S x 106/ml. The medium used consisted only of RPMI 1640 with glutamine and 10 p.g of gentamicin per ml, and all cultures were incubated at 37°C with 5% CO2. When OS was added, 0.1 ml of the OS suspension in RPMI was added to 0.9 ml of cells at 5.5 x 106/ ml. The same dilution factor was used for E. coli and latex bead suspensions.
Gel filtration. A Sephadex G-100 column (100 by 2.5 cm) was equilibrated with 0.01 M phosphate-buffered normal saline (pH 7.4) at 4°C. The column was calibrated with standard molecular weight marker proteins. Mononuclear cell culture supernatant volumes of < 2% of the column volume were layered on the gel. The elution rate was 40 mi/h, with the phosphatebufferd saline as the eluter. Fractions of 6.3 ml were VOL. 40, 1983 on November 6, 2017 by guest http://iai.asm.org/ Downloaded from collected and assayed as described above for chemotactic and chemotactic inhibitory activity.
Enzyme and protein assays. Lysosomal enzyme assays were performed as previously described (3) . Esterase staining of mononuclear cells was done by the method of Tucker et al. (15) . The method of Lowry was used for protein determination (8) .
Statistics. Student's t test with summary data was used to analyze the data as indicated (2) .
RESULTS
Mononuclear cell cultures with and without OS. Mononuclear cells from 12 normal volunteers were cultured without OS at 5 x 106/ml for 18 h. The supernatants of those cultures were diluted 1:100 and 1:1,000 and assayed for chemotactic inhibition of normal neutrophils. As found previously (3), normal mononuclear cells as a group on short-term culture produced no detectable chemotactic-inhibitory activity at the 1:100 dilution (3. However, when OS was added to normal mononuclear cell cultures for 18 h, the results were quite different. The 100-fold dilutions of those supernatants revealed significant chemotactic-inhibitory activity ( Cultures from HIE patients are divided into those which produced >10% inhibition when cultured without OS and assayed at 1:100 (spontaneous producers) and those which produced <10% inhibition (nonproducers). Each point represents the ratio of the means of quadruplicate determinations on one day.
1:1,000 to 1:5,000 dilution in most cases. HIE cultures producing maximal inhibition showed similar declines by the 1:50,000 dilution. When nine supernatants from normal mononuclear cells with OS supernatants were assayed at a 1:1,000 dilution, the mean inhibition was 7.8 ± 5.4% (P > 0.10 when compared with normal cultures without OS assayed at 1:100) (Fig. 2) . Therefore, the inhibition of chemotaxis produced by normal cells exposed to OS disappears upon dilution by 1,000-fold.
Our previous work (3) has shown that shortterm HIE mononuclear cell cultures can produce an inhibitor of neutrophil chemotaxis. This work was confirmed by these new data, which showed that nine HIE patients (including two male patients not studied in the original report) produce an inhibitor of neutrophil chemotaxis (18.7 ± 3.3% inhibition when diluted 100-fold [n = 16; P < 0.01 when compared with normal mononuclear cells without OS]). The 1,000-fold dilutions of HIE mononuclear supernatants showed that there was still detectable inhibition of neutrophil chemotaxis present (17.7 ± 4.3% [n = 13; P < 0.05 by the one-tailed t-test when compared with 1,000-fold dilutions of normal mononuclear cells without OS] (Fig. 2) . Cultures of mononuclear cells with and without OS from three patients with recurrent bacterial skin and pulmonary infection of unknown cause showed a pattern similar to that of cultures from normal volunteers (data not shown).
Characterization of normal mononuclear cells and OS system. To see whether the production of an inhibitor of chemotaxis produced by normal mononuclear cells upon exposure to OS was an artifact of the use of serum for opsonization or of carry-over of staphylococci, several control experiments were done. Serum used for opsonization was not necessary for the production of the inhibitory factor but seemed to increase the amount of inhibition produced. In four experiments, the addition of nonopsonized staphylococci to mononuclear cell cultures resulted in supernatants that produced 11.8 ± 3.4% inhibition in an 18-h culture, whereas the addition of OS produced 16.8 ± 2.0o inhibition (P > 0.20). Because of the slightly better results with OS, they were used for the greater part of these studies. No evidence could be found that the use of HIE serum to opsonize staphylococci either enhanced or decreased the production of inhibitory factors from either normal or HIE mononuclear cells. Because of the possibility that the inhibitory activity measured was a result of the carry-over of serum components or staphylococci from the culture supernatants to the neutrophil assay system, experiments were done in which OS or serum alone was added to RPMI 1640, incubated for 18 h, and then diluted 100-fold and assayed as described above. There was no inhibitory activity in the supernatants under those conditions. An experiment was done to see whether the addition of another bacterial particle, E. coli, or a nonbacterial particle, latex beads, could reproduce the findings obtained with staphylococci. Both E. coli and opsonized E. coli produced results similar to those with S. aureus ( Table 1) . Latex beads, whether opsonized or not, did not produce any inhibitory activity. A microscopic examination of the mononuclear cell cultures after incubation with staphylococci, E. coli, and latex beads showed that all three particles were associated with monocytes. This provided further evidence that inhibitory activity assayed is not a result of carry-over of particles or serum but may be a result of specific features of both the staphylococci and the E. coli. Additionally, neither normal nor HIE mononuclear cells produced inhibitors of chemotaxis upon exposure to heat-killed Candida albicans (data not shown).
Gel filtration of inhibitory supernatants. When 5 ml of supernatants of normal or HIE mononuclear cells not producing inhibitory activity was passed over a G-100 column and alternate 6.3-ml fractions (see Materials and Methods) were assayed for inhibition at a 1:3 dilution, no inhibitory activity was found (Fig. 3A) . When supernatants from normal mononuclear cells exposed to OS for 18 h were analyzed, there was a peak of inhibition activity which eluted between 30,000 and 45,000 daltons in three different experiments (Fig. 3B) . When supernatants from HIE mononuclear cells in the absence of OS were analyzed, as previously reported (3), there was a peak which averaged 61,000 daltons and small amounts of a 45,000-dalton factor and a factor which eluted after the 13,000-dalton marker (Fig. 3C) . When the HIE mononuclear cells spontaneously producing the 61,000-dalton factor were exposed to OS for 18 h, a different elution profile was seen (Fig. 3D) . In addition to the 61,000-dalton peak, a prominent broad shoulder of 30,000 to 45,000 daltons was produced which was similar to that produced by normal mononuclear cells upon exposure to OS. When HIE mononuclear cells which did not spontaneously produce the 61,000-dalton factor were exposed to OS for 18 h, they produced only the 30,000-to 45,000-dalton factor, in a manner similar to that of normal mononuclear cells (Fig.  3E) . Furthermore, normal mononuclear cells, when exposed to opsonized E. coli for 18 h, produced predominantly the same 30,000-to 45,000-dalton inhibitor (data not shown) as did cells exposed to OS.
Characteristics of the 30,000-to 45,000-dalton inhibitor. Experiments on normal mononuclear cells with OS supernatants showed that the inhibitory activity was stable at 56°C for 30 min and that it was sensitive to treatment with 1 mg of trypsin per ml for 1 h at 37°C. G-100 column fractions containing the 30,000-to 45,000-dalton factor did not affect the ability of normal neutrophils to exclude trypan blue and did not cause them to secrete lysozyme. Control studies showed that the inhibitory factor did not interfere with the assay.
It was important to show that the inhibitor of chemotaxis was not itself a chemotactic agent which acted to inhibit chemotaxis via chemotactic deactivation (16) . In two preparations, pooled fractions from a G-100 column containing the 30,000-to 45,000-dalton factor had no chemotactic activity for neutrophils from a 3-to 1,000-fold dilution. Therefore, it is unlikely that the inhibitory factor is a potent chemotactic factor which causes chemotactic deactivation.
The effect of the 30,000-to 45,000-dalton inhibitor on neutrophil spontaneous mobility was tested over a wide range of dilutions of supernatant. The fraction containing this factor decreased spontaneous migration (with Gey solution in the chemoattractant portion of the chamber). In five experiments using 1:100 dilutions of supernatants from normal cells exposed to OS, there was 10.7 ± 4.7% inhibition of spontaneous migration (P < 0.05 by the onetailed t test). Therefore, it seems that the effect of the factor on spontaneous migration is less than its effect on chemotaxis.
Preferentiality of factors for neutrophils versus monocytes. The preferentiality of the 30,000-to 45,000-dalton factor for inhibiting neutrophil versus monocyte chemotaxis was examined.
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The factor inhibits neutrophil chemotaxis toward three different chemoattractants, f-MetLeu-Phe, casein, and endotoxin-activated serum, by 34, 24, and 22%, respectively (P < 0.02 for each comparison). The same concentration of the 30,000-to 45,000-dalton factor did not inhibit monocyte chemotaxis toward any of the chemoattractants. This is in contrast to the ability of pooled fractions of the 61,000-dalton factor isolated from HIE mononuclear cells to inhibit both neutrophil and monocyte chemotaxis toward f-Met-Leu-Phe, with 21% inhibition of neutrophil chemotaxis and 38% inhibition of monocyte chemotaxis. A culture supernatant containing both the 61,000-and the 30,000-to 45,000-dalton factors was passed over a G-100 column, and the fractions were assayed simultaneously at a 1:3 dilution for inhibitory activity for monocytes and neutrophils. The 61,000-dalton but not the 30,000-to 45,000-dalton peak was evident when monocytes were used to assay for inhibition, whereas both peaks were evident when neutrophils were used (data not shown). These experiments add support to the contention that the 61,000-and 30,000-to 45,000-dalton factors are different in elution characteristics and in preferentiality for neutrophils.
Analysis of factors produced by adherent celldepleted mononuclear cell cultures with OS. In an effort to see whether monocytes are necessary for the production of the 30,000-to 45,000-dalton factor, mononuclear cells were depleted of adherent cells by repeated exposure to polystyrene petri plates (see Materials and Methods). The resulting normal mononuclear cells were free of esterase-positive cells when 300 cells were counted at random. This adherence procedure also decreased the number of lymphocytes by approximately 40%. The remaining mononuclear cells did not produce detectable inhibitory factor when cultured without OS, and a gel filtration analysis of the supernatants revealed neither the 61,000-nor the 30,000-to 45,000-dalton peak (data not shown). However, when normal nonadherent cells were exposed to OS, they produced both a 61,000-and a 30,000-to 45,000-dalton factor (Fig. 4A) , unlike unfractionated normal cells, which only produced a 30,000-to 45,000-dalton factor. In addition, there was a very broad tail of inhibitory activity which eluted at <13,000 daltons. HIE mononuclear cells similarly depleted of adherent cells and exposed to OS produced an elution pattern very similar to that of normal cells (Fig. 4B) . Adherent cells were removed from the petri plates with a rubber policeman and added back to the nonadher- 
DISCUSSION
The elaboration of various lymphokines in response to mitogens and soluble antigens such as streptokinase-streptodornase or purified protein derivative has been well described (2, 10, 11, 13, 17, 18) . The importance of these factors in human diseases and their relevance to the modification of host defenses and inflammatory diseases are largely speculative. Hahn et al. have reported varying amounts of LIF production by lymphocytes of newborns and children with immune deficiencies (7). We have published some information that supports the contention that in at least one host defect syndrome, HIE, the spontaneous production of a 61,000- The present study represents an extension of this hypothesis by the examination of the effect of particulate staphylococci on the elaboration of mononuclear all factors which affect neutrophil chemotaxis. Our results show that normal mononuclear cells in culture produce a 30,000-to 45,000-dalton inhibitor of neutrophil chemotaxis when exposed to OS or E. coli but not when exposed to opsonized latex beads. HIE mononuclear cells which are spontaneously producing a 61,000-dalton factor produce an additional 30,000-to 45,000-dalton inhibitor of chemotaxis. HIE cells which are not producing the 61,000-dalton factor when exposed to the OS behave like normal mononuclear cells and produce only the 30,000-to 45,000-dalton factor.
Because the 30,000-to 45,000-dalton inhibitory factor is produced by mononuclear cells exposed to either staphylococci or E. coli, we believe that the inhibitory factor is a mononuclear cell product. However, we cannot directly rule out the possibility that it may be produced from bacterial proteins through interaction with mononuclear cells. The exact nature of the stimulus for inhibitor production found on heatkilled staphylococci is not known and is not the subject of this report. However, the finding that E. coli possessed the ability to induce inhibitor production and that latex beads or C. albicans did not (even though HIE patients often have candidiasis) implicates a component of the bacterial cell wall as a possible stimulus for inhibitor production.
There is also a difference in the amount of total inhibitory activity produced as judged by 1,000-fold dilutions of the culture supernatants. Supernatants from HIE mononuclear cell cultures exposed to OS for 18 h produce considerably more inhibition than do normal mononuclear cells with OS, as judged by dilution of the supernatants. Dilution was used to assess the amount of inhibitory activity because the amount of inhibitory material in terms of protein was immeasurable by the technique of Lowry et al. (8) . Repeated passage over a Sephadex column resulted in the loss of any inhibitory activity, as did storage for more than 3 days at -20°C, perhaps due to the absorption of the factors to surfaces.
The 30,000-to 45,000-dalton factor is proteinaceous as indicated by trypsin sensitivity. In addition, it is stable at 56°C for 30 min and apparently preferentially inhibits the chemotaxis of neutrophils. In these regards, it is similar to the previously described NIF-T (17, 18) . The other reported lymphokines and cytokines which inhibit leukocyte chemotaxis have either higher (LIF) or lower (neutrophil immobilizing factor and tumor-related macrophage chemotaxis inhibitor) molecular weights (6, 10, 14) . The inhibitory activity which eluted from the G-100 columns after the 13,000-dalton marker when some mononuclear cell cultures were exposed for 18 h to OS was not characterized and may represent a new inhibitory factor, as preliminary experiments showed that it was not a chemotactic factor.
The character of the abnormality in immune regulation of HIE mononuclear cells which makes them different from normal cells is unknown. However, it is of interest that exposure of normal cells to polystyrene surfaces and OS causes them to produce the same two inhibitory factors that HIE cells exposed to OS alone produce. We hypothesize that the exposure to polystyrene in some way activates a cell population which is spontaneously activated in HIE patients. Alternatively, it is possible that a population of suppressor cells adherent to polystyrene was sufficiently damaged by removal from the polystyrene such that they were ineffectual upon readdition to the nonadherent cells.
An interesting aspect of both the 61,000-and 30,000-to 45,000-dalton inhibitors is their ability to reduce, but not eliminate, the chemotaxis of neutrophils. To some extent, this is due to the 100-fold dilutions used in this study and to the formulas used to calculate the percent inhibition. When an assay of chemotaxis which measures only the leading 25% of migrating cells is used, the percent inhibition of chemotaxis is as high as 85% (data not shown). We believe that the inability of the factors to eliminate chemotaxis totally is part of their physiological role as regulators but not eliminators of neutrophil function. The factor may inhibit only a subpopulation of neutrophils, or it may affect all of the neutrophils to the same, limited degree. The experiments presented here cannot distinguish these two possibilities.
The fact that normal mononuclear cells can produce such potent inhibitors of neutrophil chemotaxis within 18 h means that this inhibitor may have a role in controlling the influx of neutrophils into a newly formed site of infection or inflammation. The hypothesis that defects or alterations in the elaboration of the factors by mononuclear cells at a site of infection or inflammation may affect the outcome of the infection inflammatory process is still conjectural. This research provides additional evidence that such 
